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htticense.Abstract Aim: To compare the sensitivity and diagnostic accuracy of curved planar reformation
(CPR) image on the one hand versus combined volume-rendered (VR) image and its corresponding
maximum intensity projection (MIP) image on the other hand for determination of the cause and
level of ureteral obstruction.
Materials and methods: The study included 60 patients with clinical and sonographic manifesta-
tions of ureteral obstruction who underwent two-phase multidetector CT urography (MDCTU)
using a 16-slice machine. A total of 82 ureters were examined. CPR images were performed to dis-
play the entire course of ureters in the same image. 3D VR reformats and their corresponding MIP
were used to enhance visualization of opaciﬁed ureters. The sensitivity and accuracy of CPR, and
combined 3D VR and MIP for diagnosis of ureteral obstruction were calculated and compared in
reference to the gold standard.CT urography; CPR, curved
sional volume-rendered; MIP,
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624 M. Shweel et al.Results: The cause of ureteral obstruction was calculous in 28/82 ureters (34.14%), and noncalcu-
lous in 50/82 (61%). The lower third ureter was the most affected level in 48/82 ureters (58.5%). The
total sensitivity and accuracy of CPR for the cause of the ureteric obstruction (97.5% and 95.3%,
respectively) were higher than those of 3D VR and its corresponding MIP (75% and 73.2%, respec-
tively). CPR also was more sensitive and accurate (total sensitivity of 100% and accuracy of 100%)
compared with those of combined 3D VR and its corresponding MIP (79.5% and 75.9%, respec-
tively) for the level of ureteral obstruction.
Conclusions: CPR had superior diagnostic accuracy than 3D VR and MIP in detecting the cause
and level of ureteral obstruction.
 2012 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
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Ureteric obstruction is deﬁned as the blockage of any part of
the ureter causing obstruction of urine ﬂow from the kidney
to the urinary bladder (1). It can be classiﬁed into congenital
and acquired, intraluminal or extraluminal (2,3). Many imag-
ing modalities are used to evaluate the obstructive uropathy
each with its own beneﬁts and limitations (4). Technologic ad-
vances in both computed tomography (CT) and magnetic res-
onance (MR) imaging have resulted in the ability to image the
urinary tract in ways that surpass the intravenous urogram (5).
With the introduction of multidetector technology, multi-
detector CT urography (MDCTU) has become the test of
choice for many urologic problems (5). The main advantage
of multidetector CT urography (MDCTU) is its ability to pro-
vide a detailed anatomic depiction of each portion of the uri-
nary tract (6). It also offers several advantages for imaging
of the obstructive uropathy including: single breath-hold cov-
erage of the entire urinary tract and rapid imaging with opti-
mum contrast medium opaciﬁcation (7–9).
By using MDCT, it is possible to employ different postpro-
cessing techniques in addition to source axial images. Multipla-
nar reformation (MPR), curved planar reformations (CPR),
maximum intensity projections (MIP), volume-rendering tech-
nique (VRT), and shaded surface displays (SSD) are currently
the most frequently used (10). MPR is the most commonly used
post processing technique, however its limitation is that visual-
ized structures must be on the same plane. CPR provides the
most useful luminal assessment and improves the visualization
of tortuous anatomy. High-density structures, such as contrast-
ﬁlled vessels and the collecting system, are demonstrated nicely
in maximum intensity projection (MIP) images. Volume-
rendered technique (VRT) is an excellent 3D technique that
provides a summary picture for the referring physician (10–13).
A deeper knowledge of the potential of postprocessing tech-
niques and their application will allow optimization of the
MDCTU. The aim of our study was to compare the sensitivity
and diagnostic accuracy of CPR on one hand versus combined
VRT and MIP on the other hand for determination of the
cause and level of ureteral obstruction.
2. Patients and methods
2.1. Patient population
This prospective study was approved by the local research eth-
ics committee of our institution. During the period betweenMarch 2011 and April 2012, 60 consecutive patients (38 males
and 22 females, age range, 38–64 years; mean age, 45.3
years ± 14.8[SD]), were referred from Urology Clinic with a
diagnosis of un-explained ureteral obstruction based on ultra-
sound and plain radiography ﬁndings. In particular, the main
reason for referral to MDCTU is a sonography examination
that showed a hydronephrosis with no sufﬁcient information
about the cause and level of ureteral obstruction. Patients were
referred for MDCTU as a part of investigatory work up.
Exclusion criteria for the study consisted of contraindications
to iodinated contrast media, such as a known allergy to iodin-
ated contrast material, or elevated renal function tests (serum
creatinine level >1.5 mg/dL).
2.2. MDCTU technique
MDCTU examinations were performed for all patients using a
16-detector CT scanner (BrightSpeed 16; GE Medical Systems,
GE Healthcare-America: Milwaukee, USA). The acquisition
parameters were 120 kVp, 350 mAs, a helical pitch of
1.375:1, 0.6-s scan time, 16 · 0.625 mm detector conﬁguration,
18.4-s total exposure time, 0.625 mm helical slice thickness,
and 0.625 mm reconstruction interval with a large FOV. Pa-
tients were prepared by giving 500–750 mL of water over a
15- to 20-min period before the start of a renal CT
examination.
Phases of MDCTU: two phase MDCTU (pre-contrast and
delayed excretory phased) was performed for all patients. First
phase, pre-contrast imaging of the abdomen extended from the
dome of the liver to the symphysis pubis. An average amount
of 80–100 mL of nonionic contrast material, iohexol (Omni-
paque, 300 mg iodine/mL) was used at a rate of 3 mL per sec-
ond using a power injector (Medrad, Stellant) via an 18-gauge
catheter placed in the antecubital vein followed by 100 mL of
saline infusion at the same rate. Oral contrast was not given for
better detection of ureteral stones, and to facilitate MIP and
3D reformations of the contrast-ﬁlled ureters. Second phase
(delayed or excretory phase) was obtained 10 min after con-
trast media administration and extended from the copula of
the diaphragm to the symphysis pubis.
Image reconstruction and postprocessing techniques: the
axial source images with a 0.625-mm slice were transferred
to an Advantage Workstation (AW) Volume Share 2 (GE
Healthcare). Curved planar reformatted (CPR) images were
performed to display the entire length of ureters in the same
image. It was obtained manually by drawing a line over the
course of the ureter. Three-dimensional (3D) volume-rendered
Table 2 Causes of ureteric obstruction as detected by
MDCTU (n= 82 ureter).
Causes NO (ureters) Percent (%)
Ureteric stones 28 34.14
Ureteric stricture 30 36.5
Ureteric compression 8 9.75
UB masses involving ureteric oriﬁce 4 4.87
PUJ 4 4.87
Ureteric mass 4 4.87
Ureterocele 2 2.43
Ectopic ureter 2 2.43
Total 82 100
Table 3 Level of ureteric obstruction as detected by MDCTU
(n= 82 ureter).
Level No (ureters) Percent (%)
PUJ 4 4.87
Upper ureter 4 4.87
Middle ureter 16 19.51
Lower ureter 48 58.5
Ureteric oriﬁce 10 21.19
Total 82 100
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formed to display contrast-ﬁlled collecting systems and ureters.
Editing techniques (auto-bone removal) were also used with
both these post-processing techniques in certain cases to re-
move the bony structures overlying the ureters for better visu-
alization and desired orientation.
2.3. Image analysis
The pre-contrast and postprocessing images (CPR, VR and its
corresponding MIP) were reviewed for detection of the cause
and level of ureteral obstruction. Two radiologists interpreted
the images independently (observer 1, and 2). Both observers
were blinded to the patient history and clinical information.
Observers did not have access to the source images.
2.4. Statistical analysis
The interobserver agreement was evaluated in CPR on the one
hand and combined CPR and its corresponding MIP on the
other hand using the kappa statistics; a kappa value of less
than 0.01–0.20 was considered as slight agreement, 0.21–0.40,
fair agreement, 0.41–0.60, moderate agreement, 0.61–0.80,
substantial agreement, and 0.81–0.99 almost perfect agree-
ment. The gold standard for the diagnosis of the cause and le-
vel of ureteral obstruction in our study cohort included ﬁnal
reports of ureteroscopy, open surgery and pathological exam-
ination. The sensitivity, speciﬁcity and overall accuracy of
CPR and combined CPR and its corresponding MIP in the
diagnosis of the cause and level of ureteral obstruction were
calculated in comparison with the gold standard. Data entry
was done by SPSS version 13 and analyzed by the same
software.
3. Results
This study included 60 consecutive patients (38 males, 22 fe-
males), age range was from 38–64 years (mean age was
45 years). The most common clinical presentation of ureteric
obstruction was acute loin pain representing 60%. The clinical
data and relevant patient’s past history are listed in Table 1.
A total of 82 ureters were examined (38 unilateral, 18 bilat-
eral, double right ureter in two patients and double left ureter
in two patients). A total of eight causes of obstruction wereTable 1 Clinical data and past history of the studied group
(n= 58).
Presenting renal symptoms No. of patients Percent (%)
Loin Pain: 40/60 66.6
Acute 24/40 60
Chronic 16/40 40
Hematuria 14/60 23.3
Dysuria 6/60 10
History of:
Bilharziasis 26/60 43.3
Urinary tract operation 8/60 13.3
Stone passing 12/60 20
Previous cesarean section 4/60 6.6identiﬁed in our study. The most common cause was ureteric
stricture representing 30/82 (36.5%), followed by ureteric
stones representing 28/82(34.14%). The lower third was the
most affected in our study, it was encountered in 48/82 ureters
(58.5%). The cause and level of ureteral obstruction as de-
tected by MDCTU are listed in Tables 2 and 3.
Interobserver agreement was generally higher with CPR
than VR and its corresponding MIP in detecting the cause of
ureteric obstruction, it was perfect (k= 0.832) for CPR and
good for VR and its corresponding MIP (k= 0.773). For
detection of the obstruction level interobserver agreement
was perfect for CPR (K= 1) and it was substantial for VR
and its corresponding MIP (k= 0.831). Regarding the cause
of ureteric obstruction, interobserver agreement using both
postprocessing techniques was perfect (k= 1) in detecting ure-
teric stones, and stricture. It was slight (k= 0.2) in detecting
the cause of ureteric compression using VR and its correspond-
ing MIP. Results are detailed in Tables 4 and 5.
According to the ﬁnal ureteroscopy, surgical and patholog-
ical reports, the sensitivity and accuracy of CPR on the one
hand and combined VR and its corresponding MIP on the
other hand were variable in detecting the cause and level of
ureteric obstruction. CPR was more sensitive and accurate
than combined VR and its corresponding MIP for detecting
the cause and level of ureteric obstruction. The total sensitivity
and accuracy of CPR for detecting the cause of ureteral
obstruction were 97.5% and 95.3%, respectively. They were
higher than those of the combined VR and its corresponding
MIP (75% and 73.2%, respectively) (p= 0.03). Regarding
detection of the ureteral obstruction level, CPR was more sen-
sitive and accurate (sensitivity of 100% and accuracy of 100%)
compared with the combined VR and its corresponding MIP
(sensitivity 79.5% and accuracy 75.9%) (p= 0.05). Results
are listed in Tables 6 and 7. Figs. 1–5.
Table 4 Causes of ureteral obstruction according to observers and postprocessing technique (n= 82).
Observer 1 Observer 2
CPR VR and its corresponding MIP CPR VR and its corresponding MIP
Ureteric stones 24/28 18/28 22/28 16/28
Ureteric strictures 30/30 30/30 30/30 30/30
UB masses involving ureteric oriﬁce 4/4 2/4 4/4 0/4
PUJ 4/4 4/4 4/4 4/4
Ureteric mass 4/4 0/4 2/4 0/4
Ureteric compression 4/8 0/8 4/8 0/8
Ureterocele 2/2 2/2 2/2 2/2
Ectopic ureter 2/2 2/2 2/2 2/2
Total 74/82 58/82 70/82 54/82
Table 5 Level of ureteral obstruction according to observers and postprocessing technique (n= 82).
Observer 1 Observer 2
CPR VR and its corresponding MIP CPR VR and its corresponding MIP
PUJ 4/4 4/4 4/4 4/4
Upper ureter 4/4 2/4 4/4 2/4
Middle ureter 16/16 14/16 14/16 14/16
Lower ureter 48/48 42/48 48/48 40/48
Ureteric oriﬁce 10/10 6/10 8/10 4/10
Total 82/82 56/82 78/82 56/82
Table 6 Total sensitivity and accuracy of CPR, and com-
bined VR and its corresponding MIP in detecting the cause of
ureteral obstruction (n= 82).
Cause Sensitivity (%) PPV (%) Accuracy (%) P value
CPR 97.5 97.5 95.3 0.03
3D and MIP 75 95.3 73.2
Table 7 Total sensitivity and accuracy of CPR, MIP 3D VR
in detecting varying levels of ureteric obstruction (n= 82).
Level Sensitivity (%) PPV (%) Accuracy (%) P value
CPR 100 100 100 0.05
3D and MIP 86.3 92.8 83.9
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Ureteric obstruction is a common cause of renal failure. A
wide variety of pathological processes, intrinsic and extrinsic
to the ureter, can cause obstruction. Early recognition and
treatment of ureteric obstruction are the keys to preventing re-
nal loss (1).
Intravenous urography (IVU) and ultrasound, which until
now have been used as the ﬁrst step in evaluating urinary tract,
have limitations such as a low sensitivity for small lesion detec-
tion, and in examining patients with none or poor excretory
kidney function. Recent advances in CT including softwaredevelopments have led to the use of three dimensional (3D)
imaging reconstruction techniques to be widely used (14–16).
Hypertension, followed by obstructive uropathy, is the
most common leading cause of ESRD among Egyptian pa-
tients (17). Schistosomiasis is considered a common cause of
renal failure in Egypt, most of which is due to obstructive
uropathy (18). The prevalence rate of ESRD in El-Minia Gov-
ernorate is increasing as it was 250 per million populations
(pmp) in 2002 to 260 pmp in 2005 to 308 pmp in 2006, eventu-
ally it became 367 pmp in 2007 (19).
On the background of the present study target, we
performed a two-phase MDCTU technique, ﬁrst phase was
pre-contrast and the second was excretory phase, we have
not conducted a nephrographic phase. Such protocol added
advantages, including reducing both examination length and
patient’s exposure to radiation. This was in line with Maher
et al., (9) who stated that three-phase protocols have disadvan-
tages including: a very high radiation dose, time consuming
with a signiﬁcant impact on increasing radiological daily work-
loads and it increases the number of images for review by the
radiologist. We performed pre-contrast phase imaging of the
abdomen to locate the kidneys and detect calciﬁcations and
urolithiasis. Smith et al., (20) reported that non contrast CT
has 97% sensitivity and 96% speciﬁcity for the detection of re-
nal calculi. Excretory phase was obtained 10 min after contrast
media administration to evaluate the renal collecting system
and ureters. Norozian et al., (16) reported that excretory phase
was used to enhance the renal parenchymal and visualize the
collecting system and ureters.
Various reconstruction techniques can be used for MDCT
urography: including maximum intensity projection (MIP);
curved multiplanar reformation (CMPR); volume rendering
(VR) and virtual endoscopy. In the present study we per-
Fig. 1 Fifty-four year old patient with right hydronephrosis. Coronal CPR image (A), coronal VR (B) and its corresponding MIP (C)
images in excretory phase of CT urography show clearly the cause and level of obstruction (a stone at the middle third of the right ureter).
Normal left kidney and ureter. A non obstructing stone seen at the upper third right ureter.
Fig. 2 Sixty-ﬁve year old male presented with hematuria. Coronal CPR (A) in excretory phase shows left hydroureteronephrosis with a
UB mass obstructing the left ureteric oriﬁce (black arrow). Reconstructed coronal VR (B) and its corresponding MIP (C) images in
excretory phase of CT urography failed to delineate the cause and level of ureteral obstruction as the dilated left ureter was not seen, also
the UB mass was obscured by the high density contrast in the UB.
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based on Kocakoc et al., 2005 (21) CT urography protocol
that routinely used these postprocessing techniques to assess
the acquired axial data.
In the present study, curved planar reformatted images
were used to display the entire course of the dilated ureters
in a single longitudinal uninterrupted image and hence better
intraluminal and extraluminal assessment and accurate detec-
tion of the level of obstruction. Cademartiri et al., (22) stated
that the most important advantage of this technique is visual-
ization of both opaciﬁed and unopaciﬁed ureters. He postu-
lated that CPR images could be obtained manually bydrawing a line over a structure of interest or it can be produced
automatically by dedicated software. In this study curved pla-
nar reformatted images were obtained only manually by draw-
ing a line over the dilated ureters.
In our study 3D reconstruction and its corresponding MIP
were obtained to clearly visualize opaciﬁed ureters and provide
a roadmap for the collecting system, ureters and UB. Caoili et
al., (23) reported that 3D reconstructions are a useful aid to
radiologists and urologists as a ‘‘bridge’’ between excretory
urography data and transverse MDCTU data. We use 3D
VR reconstruction and its corresponding MIP with bone re-
moval to display the high density ureters only without the
Fig. 3 Forty-three year old female presented with bilateral renal obstruction. Coronal CPR (A) in the excretory phase of CT urography
clearly shows the cause and level of the obstruction which in this case a large uterine ﬁbroid (black arrows). Reconstructed coronal VR (B)
and its corresponding MIP(C) images in excretory phase of CT urography show only the level of the obstruction, while the cause was not
detected.
Fig. 4 Sixty-seven year old male with left loin pain. CPR at the excretory phase (A) shows delayed excretion of the left kidney, markedly
dilated tortuous non opaciﬁed left ureter till its lower end with diffuse mural thickening (Bilharzial changes). Reconstructed coronal VR
(B) and its corresponding MIP(C) images in the excretory phase of CT urography failed to delineate the cause and level of ureteral
obstruction as the dilated left ureter was not seen.
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cially its lower third that can be masked by the dense pelvic
bones.
In our study the most common cause of ureteric obstruc-
tion was the ureteral stone which represented 34.14% of all
cases. This was in agreement with Chevalier et al., and Shokeir
et al., (24,25) who reported that ureteral obstruction is usually
a consequence of nephrolithiasis which is the most common
cause of urinary obstruction. The incidence of ureteral stones
in this study was higher than the current data on the occur-
rence of urinary stones that range between 2% and 20%
(26), this can be explained by that 44.82% of our patientshad a previous history of bilharziasis, a common association
of bilharziasis and stones was addressed by Shokeir et al.,
and Ghoneim et al., (25,27) who reported that urinary stasis
in dilated atonic ureter invites secondary bacterial infection
and stone formation. The second most common cause of
obstructive uropathy in our study was the ureteric stricture
with an incidence of 31.7%, this can be attributed to the high
incidence of bilharziasis (44.82%). In Egypt; the prevalence of
Schistosomiasis haematobium in endemic areas in Egypt ran-
ged from 4.8% to 13.7% and averaged 7.8% (28). Ghoneim
et al., (27) postulated that bilharzial ureteritis healed with
variable degrees of mural ﬁbrosis with loss of muscle and
Fig. 5 Thirty-seven year old female with right loin pain. Coronal CPR image (A), reconstructed coronal VR (B) and its corresponding
MIP(C) images in the excretory phase of CT urography show clearly the cause and level of obstruction. Dilated upper moiety ureter and
its distal intramural dilatation (ureterocele) giving the characteristic (Copra head) appearance.
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current study, the lower third ureter was the most common le-
vel of obstruction (53.65%), this was in agreement with several
authors who reported that the main site of bilharzial strictures
occurred in the lower third of the ureter (28–30).
In the present study, regarding cause of ureteral obstruc-
tion, interobserver agreement was perfect in detecting ureteric
stones (k= 1) in all postprocessing techniques (CPR, 3D VR
and its corresponding MIP). This was coincided with Kocakoc
et al., (21) now reported that CPR are useful in demonstrating
the exact location of stones and their relationship to the ureter.
Interobserver agreement was slight (K= 0.2) using 3D VR
and its corresponding MIP in detecting the cause of ureteric
compression. This could be explained by the fact that the sur-
rounding soft tissue structures are not visualized using 3D VR
and its corresponding MIP. Interobserver agreement was fair
in detecting small UB masses involving the ureteric oriﬁce
using 3D VR and its corresponding MIP (K= 0.4), this could
be explained by the same fact that the high density contrast
material in the UB can mask small intraluminal lesions. This
was in accordance with Caoili et al., (31) who reported that
the 3D reconstructions are insufﬁcient for visualization of
small urinary tract neoplasms, and CPR will be the best post
processing tool in detecting such lesions.
Regarding the level of ureteral obstruction, interobserver
agreement was perfect for CPR (K= 1) and it was substantial
for 3D VR and its corresponding MIP (k= 0.831).
In our study, CPR exhibit a higher sensitivity and accuracy
in demonstrating the cause and level of ureteric obstruction
compared with MIP and 3D VR, this was statistically signiﬁ-
cant (p= 0.03, p= 0.05, respectively). The total sensitivity
and accuracy of CPR for determination of the cause of the ure-
teric obstruction were 97.5% and 95.3%, respectively. We be-
lieve that the most important advantages of CPR existing over
MIP were that it could clarify both opaciﬁed and unopaciﬁed
ureters, thus it could be used in the case of severe urinary
obstruction with delayed or non-excretory function, further-
more it was superior than MIP for visualization of the ureteralenvironment including, soft tissue and associated extraluminal
pathology.
CPR could not detect the cause of obstruction in two pa-
tients (false negative) which interpreted as normal, both
showed normal ureteric wall, with no thickening or evident
stricture and mild backpressure changes, by ureteroscopy ure-
teric stricture was detected. In contrast, 3D VR and its corre-
sponding MIP had a low sensitivity (75%) and accuracy
(73.2%) in detecting the cause of ureteric obstruction, this
can be explained by that we had 26 false negative cases (14 were
non excretory with unopaciﬁed ureters, so the ureters could not
be displayed and the cause could not be identiﬁed, four cases
had ureteric compression that could not be visualized either
by 3D VR or its corresponding MIP, four had UB mass with
ureteric oriﬁce involvement and four had small ureteric mass).
CPRwas highly sensitive (100%) in detecting the level of ure-
teric obstruction with an accuracy of 100%, unfortunately this
was not true for MIP and 3D VR as we had 20 false negative
cases (14 were non excretory with no contrast in the obstructed
ureter, so the level could not be identiﬁed, and six showed
incomplete ﬁlling of the ureter). It is not surprising that their sen-
sitivity and accuracy was low for the cause and level of ureteral
obstruction detection. This was in accordwith data published by
Kim et al., (14) who reported that if contrast material does not
adequately ﬁll the dilated ureter in the case of severe obstruction,
CPR is more helpful. Urban et al., (12) postulated that MIP
technique can be obtained with rotational viewing of multiple
projections, but it lacks depth of orientation.5. Conclusion
In detecting the cause of obstruction, the sensitivity and accu-
racy of CPR were signiﬁcantly higher than 3D VR and its cor-
responding MIP. In addition, the interobserver agreement for
CPR was better than that for 3D VR and its corresponding
MIP. The use of CPR is recommended in the evaluation of
ureteral obstruction.
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